Objective: To determine the main dietary patterns of pregnant women during each of the three trimesters of pregnancy and to examine associated nutrient intakes. Design: Participants completed a 3 d food diary during each trimester of pregnancy. Thirty-six food groups were created and dietary patterns were derived using k-means cluster analysis. Setting: National Maternity Hospital, Dublin, Ireland. Subjects: Two hundred and eighty-five healthy pregnant women aged between 20 and 41 years. Results: Two dietary patterns were identified at each time point. They were labelled 'Unhealthy' (n 143, 150 and 155 at trimester 1, 2 and 3, respectively) and 'Health Conscious' (n 142, 135 and 130 at trimester 1, 2 and 3, respectively). Women in the 'Health Conscious' cluster were significantly older, had lower BMI and were higher educated than those in the 'Unhealthy' cluster. Of those in the 'Unhealthy' cluster in the first trimester (n 143), 103 (72?0 %) continued in this dietary pattern into trimester 2 and eighty-one (56?6 %) continued into trimester 3. Of those in the 'Health Conscious' cluster in trimester 1 (n 142), ninety-five (66?9 %) continued in this dietary pattern into trimester 2 and sixty-nine (48?6 %) continued into trimester 3. Conclusions: Cluster analysis produced two clearly defined dietary patterns at each stage of pregnancy. Knowledge of maternal dietary patterns is important for the development of pregnancy-specific dietary guidelines. Identifying women with an 'Unhealthy' dietary pattern in early pregnancy affords the opportunity for a dietary intervention which may positively impact both maternal and infant health.
The importance of nutrition in pregnancy in promoting an optimal pregnancy outcome is well documented. Deficiencies in intake of energy or specific nutrients during this 'critical period' may have a negative impact on health outcomes in later adult life (1, 2) . Pregnancy is therefore a crucial time to identify at risk groups with poor dietary intake and nutritional status in order to deliver appropriate nutrition education.
Nutrition research has traditionally focused on the effects of individual nutrients on disease patterns or pregnancy outcomes. Because nutrients and foods are consumed simultaneously, nutrition researchers are now examining the dietary patterns of populations and their impact on health and disease outcomes (3) . Results from the Dietary Approaches to Stop Hypertension (DASH) intervention study highlighted the importance of studying dietary patterns when they reported that a dietary pattern high in fruits, vegetables, whole grains and low-fat dairy lowered blood pressure more than any individual nutrient found within these foods (4) . Thus, the health effects of the whole dietary pattern may be stronger than that of individual nutrients or foods. Dietary pattern analysis may also help to capture some of the complexity of diets which may be lost during sole nutrient analysis (5) . Understanding the dietary patterns of pregnant women is important for the application of nutritional interventions to improve both maternal and infant health and pregnancy outcomes.
A popular analytical method for assessing the dietary patterns of populations is cluster analysis. Previous research has shown that cluster analysis produces comparable dietary patterns to other analytical methods such as factor analysis when presented with the same data set (6) . Cluster analysis is advantageous as it produces mutually exclusive clusters with relatively homogeneous dietary patterns. However, the literature is deficient with regard to cluster analysis in pregnancy and particularly with regard to trimester-specific dietary patterns. Nutritional requirements differ throughout pregnancy; for example, folate intake is important in the first trimester and in later trimesters there is more focus on the importance of Fe and Ca (7, 8) . The principal aim of the present study was to determine the dietary patterns of pregnant women during the entire pregnancy and during each trimester and to examine whether there were any changes in dietary pattern from early to late pregnancy. Associations with lifestyle characteristics are also examined.
Methods

Participants and setting
We recruited 398 healthy pregnant women between January 2007 and January 2011 from the antenatal clinic of the National Maternity Hospital, Ireland. Participants included in the study were healthy women, over 18 years of age, not taking any medication, without previous or current gestational diabetes and with adequate English to enable study completion. Eligible women were contacted via telephone by a researcher and invited to attend their first antenatal hospital visit between 10 and 18 weeks' gestation. The study received institutional ethical approval and written informed maternal consent was obtained.
Maternal weight and lifestyle characteristics
At the first antenatal hospital visit participants were weighed using a SECA weighing scale (SECA GmbH & Co. KG, Hamburg, Germany) to the nearest 0?1 kg and height was measured to the nearest 0?1 cm using a wall-mounted stadiometer. BMI was calculated. 'Underweight' was defined as BMI , 18?5 kg/m 2(9) , 'normal weight' as BMI (10) . Women also completed a questionnaire which asked questions related to their lifestyle such as physical activity, smoking, supplement usage, whether they breast-fed their previous child and education level. Women were also asked questions in relation to general food knowledge; whether they believed they could eat healthier, or if they read food labels. Age and gestational age at their first visit were also recorded.
Participants were deemed physically active based on the number of days per week they took part in moderateintensity exercise (e.g. brisk walking) for more than 30 min. The American Congress of Obstetricians and Gynaecologists and the Royal College of Obstetricians and Gynaecologists recommend that pregnant women achieve moderate-intensity exercise for 30 min at least 5 d/week (11, 12) . If a woman achieved this level she was considered physically active for the purposes of the present analysis. Participants did not receive any dietary advice during  their pregnancy and were asked not to modify their  eating behaviours during the food recording periods.  A 3 d food diary was completed during each trimester  of pregnancy (trimester 1: 0-14 weeks, trimester 2:  15-28 weeks, and trimester 3: 29-42 weeks' gestation) where the type and amount of all foods and beverages consumed were recorded over three consecutive days. Women were encouraged to include one weekend day during the recording period. Participants were instructed to quantify their food consumed using either the manufacturer's weight on the food packaging or household measures (e.g. tablespoons). If the portion size was not recorded clearly it was quantified by the research dietitian using the average portion sizes according to the Food Standards Agency (13) , or in some cases it was estimated by the researcher based on her knowledge of the participant's eating patterns. Dietary data were entered into the dietary analysis software WISP version 3?0 (14) (Tinuviel Software, Llanfechell, UK). The food composition tables in WISP are derived from the sixth edition of McCance and Widdowson's food composition tables (15) . The research dietitian was solely responsible for the collection, quantification, coding, and entry and checking of the food diaries. The food diaries were reviewed once weekly to check for errors and to document the quality of the data. If there were any days missing in the food diary this was also documented. The WISP system included an over range check for portion sizes, by generating a warning if a food weight entered was five times more than an average large portion. The research dietitian met with the woman or contacted the woman by telephone if any issues with her food diaries arose. Thirty-five per cent of women were recruited after the first trimester (15-18 weeks); therefore, their first trimester food diary was actually completed in the early weeks of the second trimester.
Dietary data and food groups
Seventeen food groups existed in the WISP database at the time of data entry. In order to get a comprehensive depiction of the women's diets and ease the interpretation of analysis, thirty-six food groups were created. When the food file was exported from the WISP database, each food code was manually checked to establish which food group category was most appropriate (see Appendix 1 for a list of the different foods within food groups). The food groups were similar to those used in an Irish national dietary survey (6) . For the cluster analysis food groups were expressed as a percentage of total energy (%TE) as recommended by Hearty and Gibney (6) . All nutrient and food intake results are from food sources alone. A 'food file' containing information from each 3 d food diary completed at each trimester and a 'food file' containing information for all 9 d together (labelled as 'whole pregnancy' food file) were extracted from the WISP database.
Identifying the dietary patterns Dietary patterns were identified using k-means cluster analysis in the statistical software package PASW Statistics version 18?0 (SPSS Inc., Chicago, IL, USA). Prior to running the analysis all food group intakes (%TE) were standardised to a mean of 0 and standard deviation of 1 to remove the extraneous effect of variables with large variances such as beverages. To identify the optimal number of clusters, several runs were conducted varying the number of clusters from two to six. The k-means algorithm repeatedly reassigns cases to clusters and each case is finally assigned to the cluster where its distance to the cluster mean is the smallest. Based on these determinations and on the nutritional meaningfulness of the clusters, we selected the two-cluster solution as the most appropriate number. Clusters were checked for outliers and while there was some variability all distances were within reason and any possible outlier was included.
To evaluate the reliability of the dietary patterns, discriminant analysis was performed on the cluster solutions for each trimester of pregnancy and for all trimesters combined. The thirty-six food groups were used as the discriminant variables and the 285 participants as the sample. Classification functions assigned each participant into one of the two clusters. Participants were then cross-classified according to their original cluster membership and the one obtained from the discriminant analysis. Discriminant analysis correctly classified 95?8 % of participants for the whole pregnancy, 97?4 % in trimester 1 and 96?3 % in trimesters 2 and 3. To assess the stability of the clusters k-means cluster analysis was carried out in a subset (66?6 %) of participants. For the entire pregnancy 89?0 % of cases were correctly classified by subset analysis, 88?5 % in trimester 1, 95?8 % in trimester 2 and 95?3 % in trimester 3.
Statistical analysis
All statistical analysis was carried out in PASW Statistics version 18?0. Nutrient and food intakes were assessed for normality using the Kolmogorov-Smirnov test. With the exception of vitamins A, C, D, B 12 and folate all nutrients were normally distributed, therefore nutrient intakes were expressed as means and their standard deviations. Differences in nutrient intakes across clusters and within clusters across trimesters were compared using one-way ANOVA and the Mann-Whitney U test for normal and non-normal data, respectively. Except for white breads, vegetables, white meats, processed meats and low-energy beverages all other food intakes were not normally distributed, therefore all food intakes were expressed as medians and interquartile ranges. Differences in food group intakes across clusters were compared using the Mann-Whitney U test. The x 2 test was used to compare categorical variables such as lifestyle habits. To assess compliance to the current recommendations for pregnancy according to Irish and European guidelines (16) (17) (18) , nutrient variables were categorised into binary variables and were given the value of '1' if a woman met the recommendation (compliant) and '2' if she did not (noncompliant). Differences in levels of compliance between clusters were compared using the x 2 test. Backward stepwise logistic regression analysis was performed to assess the main predictors of following a 'Health Conscious' dietary pattern at each trimester. The dependent variable was following a 'Health Conscious' pattern at each time point. The independent variables included in the final logistic regression model included maternal age, education level, BMI, ethnicity, previous breast-feeding practices, supplement usage, reading food labels and belief about their health. OR ratios (95 % CI) for the reference groups are presented as 1?00 (-). All results were considered statistically significant if P , 0?05.
Results
Three hundred and seventeen women (80 %) returned their food diaries with 285 women providing three complete food diaries. Table 1 reports the differences in Differences between groups were assessed using the independent-samples t test for continuous variables and the x 2 test for categorical variables. -Variables were log-transformed prior to the analysis as they were not normally distributed.
baseline characteristics between those who returned complete data and those who did not. Interestingly, those who did not return complete data were significantly heavier in weight and BMI. Thirty women were excluded from the present analysis because they failed to provide sufficient dietary data. Two distinct clusters were found at each trimester and for the whole pregnancy combined. The first cluster was characterised by significantly higher median intakes of white bread, refined breakfast cereals, confectionery, chips, processed meats and high-energy beverages. We named this pattern 'Unhealthy'. The second cluster was characterised by significantly higher intakes of wholegrain breads and breakfast cereals, fruit, vegetables, fruit juice, fish, low-fat milk and white meat. We called this pattern 'Health Conscious'. Women in the 'Health Conscious' clusters at each time point were significantly older (32 years v. 30 years, P , 0?001), weighed less (69 kg v. 74 kg, P 5 0?001) and had a lower BMI (25 kg/m 2 v. 27 kg/m 2 , P , 0?001). Table 2 reports the maternal lifestyle characteristics and OR (95 % CI) predicting the likelihood of following a 'Health Conscious' dietary pattern at each trimester. At trimester 1 the strongest predictors of following a 'Health Conscious' dietary pattern were maternal age (.32 years) and if a woman reported taking supplements. At trimester 2 the strongest predictors were maternal BMI (,25?0 kg/m 2 ), education level ($3rd level) and nationality (non-Irish). Maternal age (.32 years) and if a woman was not native Irish were the strongest predictors in trimester 3. Maternal physical activity, smoking status and whether or not the woman read food labels did not make a significant contribution to the final logistic regression model. Table 3 shows the median food group intakes within each cluster for the whole pregnancy and Table 4 reports food intakes for each trimester. Forty-nine per cent of women were classified as following a 'Health Conscious' dietary pattern in trimester 1, 47 % in trimester 2 and 46 % in trimester 3. Women following the 'Health Conscious' cluster had consistently higher intakes of wholemeal/grain bread and rolls, fruit and other vegetables at each stage of pregnancy (P , 0?001), while the women in the 'Unhealthy' cluster had significantly higher intakes of white bread and rolls, refined breakfast cereals, confectionery and high-energy beverages at each stage (P , 0?001). Tables 5 and 6 report the energy and nutrient profiles of each cluster for the whole pregnancy (Table 5) and at each trimester ( Table 6 ). The 'Health Conscious' cluster was associated with significantly higher intakes of protein (%TE), dietary fibre, vitamins A, C, D, folate, Fe and iodine. Table 5 also reports the levels of compliance with the current recommendations for pregnancy across the clusters. Overall there was greater nutritional adequacy among women in the 'Health Conscious' cluster. However, compliance was low among the total sample for vitamins D, folate, total fat and SFA (%TE).
Of those in the 'Unhealthy' cluster in the first trimester (n 143), 103 (72?0 %) continued in this dietary pattern into trimester 2 and eighty-one (56?6 %) continued into trimester 3. Of those in the 'Health Conscious' cluster in trimester 1 (n 142), ninety-five (66?9 %) continued in this dietary pattern into trimester 2 and sixty-nine (48?6 %) continued into trimester 3. There were no significant changes in energy or nutrient intakes from trimester 1 to trimester 3 within either cluster. In the 'Unhealthy' cluster there was a significant decrease in the intake of pasta/ rice/grains from 77 g/d to 60 g/d (P 5 0?024) and a significant increase in confectionery intake from 14 g/d to 19 g/d (P 5 0?031) from trimester 1 to trimester 3. In the 'Health Conscious' cluster there was a significant increase in biscuits/buns/pastries/cakes from 26 g/d to 35 g/d (P 5 0?027) from trimester 1 to trimester 3 (see Appendix 2 and Appendix 3).
Discussion
To our knowledge the present study is the first to identify maternal dietary patterns during each stage of pregnancy using k-means cluster analysis. The majority of dietary pattern studies have used factor analysis or principal components analysis (PCA) in identifying their dietary patterns (19) (20) (21) (22) (23) and an FFQ as their dietary assessment tool which is usually administered only once in pregnancy. In the present study we used the food diary as our dietary assessment method and this was completed at three times during pregnancy, yielding nine recording days in total. A recent Japanese study also identified dietary patterns using cluster analysis; however, they used an FFQ as their dietary assessment tool and the authors raised concerns over its ability to assess dietary intake (22) . We identified two clearly defined dietary patterns in pregnancy, an 'Unhealthy' pattern and a 'Health Conscious' pattern. There was greater level of compliance to the nutritional recommendations for pregnancy among the 'Health Conscious' cluster. Of concern, vitamin D intakes were particularly low among the total sample which has been previously documented in an Irish pregnant cohort (24) . The Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) cohort study in the UK described five dietary patterns during pregnancy assessed by PCA. They reported a 'Health Conscious' pattern which explained 10?6 % of the variance in their dietary data and was associated with higher intakes of brown/wholemeal breads, wholegrain breakfast cereals, fish, cheese, pasta, rice, fruit, fruit juice and salad vegetables (19) . They also found a 'Processed' pattern and a 'Confectionery' pattern which were associated with high intakes of white breads, processed meats and meat products, chips, crisps and confectionery (19) . They found an association with maternal education, age and ethnicity and the 'Health Conscious' pattern. They also found a relationship between the 'Processed' dietary pattern and having a BMI in the overweight category (20) . The Southampton Food groups underlined have the greatest difference between the two clusters.
-P value assessing the difference in food group intake across the two clusters using the Mann-Whitney U test. Highest median intakes within each cluster are underlined. P value assessing the difference in food group intake across the two clusters during each trimester using the Mann-Whitney U test: **P , 0?01, ***P , 0?001.
Women's Survey (SWS) in the UK employed both PCA and cluster analysis methods in identifying dietary patterns. They identified two patterns using PCA, a 'prudent' diet and a 'high energy' diet. Cluster analysis identified two clusters, a 'healthy' cluster and a 'less healthy' cluster (23) .
Our 'Health Conscious' cluster was similar to their 'healthy' cluster with significantly higher intakes of fruit and vegetables, vitamin C, Fe, vitamin B 12 and folate. The SWS 'less healthy' cluster was comparable to our 'Unhealthy' cluster with higher intakes of white bread, (16) (17) (18) ; %C, percentage of compliance; %TE, percentage of total energy; CHO, carbohydrate; RE, retinol equivalents.
-P value assessing the difference in nutrient intake across the two clusters using one-way ANOVA except for underlined nutrients, which were assessed using the Mann-Whitney U test. --P value assessing the difference in level of compliance to the recommendations for pregnancy across the two clusters using the x 2 test. P value assessing the difference in nutrient intake across the two clusters during each trimester using one-way ANOVA except for underlined nutrients, which were assessed using the Mann-Whitney U test: *P , 0?05, **P , 0?01, ***P , 0?001.
processed meat, confectionery and high-energy beverages (23) . The Osaka Maternal and Child Health Study in Japan reported three dietary patterns assessed by cluster analysis. Their dietary intakes were, however, quite different from those of our study and previous UK and European studies (22) . They reported intakes of SFA (%TE) as low as 8 %, which is much lower than the mean of 14 % in our study. Intakes of other nutrients such as Ca, Fe and folate were all considerably low and their clusters are therefore not comparable to ours (22) . A Spanish study by Cuco et al. examined maternal dietary patterns using a 7 d food diary at four time points during pregnancy in eighty pregnant women (25) . PCA revealed two stable dietary patterns, a 'sweetened beverages and sugars' pattern and a 'vegetables and meat' pattern (25) . Their 'sweetened beverages and sugars' pattern was similar to our 'Unhealthy' pattern and was associated with higher intakes of sugar-sweetened beverages and lower intakes of all fruits and vegetables. The authors concluded that this dietary pattern was negatively associated with lifestyle habits at risk to the health of the pregnant woman and her offspring (25) . Finally, in a non-pregnant Irish population cluster analysis revealed three dietary patterns, 'prudent', 'traditional' and 'alcohol and convenience foods' (26) . Food and nutrient intakes in our 'Health Conscious' cluster closely related to intakes in their 'prudent' cluster. Overall, intakes of macro-and micronutrients between a non-pregnant and pregnant Irish population were comparable (26) . A major strength of the present study is the detailed dietary intake data completed at each stage of pregnancy. One previous study also assessed dietary patterns throughout pregnancy using a 7 d food diary in a much smaller cohort of pregnant women (25) . In our study we used a 3 d food diary which is less labour-intensive than a 7 d food diary and may result in fewer errors like underor over-reporting of food intake (27) . In the first trimester of pregnancy appetite and dietary intake may be lower due to nausea and vomiting; however, we did not include any woman with reported hyperemesis or severe nausea in our analysis. The women were also healthy women taking no medications and with no known medical conditions. It would be interesting to carry out dietary pattern analysis on this data set using PCA to assess whether PCA and cluster analysis are comparable. A study in 2009 found similar results when its authors employed PCA and cluster analysis on the same data set (6) .
Conclusions
We identified two major dietary patterns in pregnant women using cluster analysis at each stage of pregnancy. We assessed the differences in food and nutrient intakes across clusters as well as examining the nutritional adequacy of each cluster. To our knowledge the present study is the first to identify maternal dietary patterns by cluster analysis during each trimester of pregnancy and to use a detailed food diary as the dietary assessment tool. We also reported on the change in food and nutrient intakes from trimester 1 to trimester 3. Seventy-two per cent of women who followed an 'Unhealthy' dietary pattern in early pregnancy continued this pattern into the second trimester and 56?6 % continued the pattern into the third trimester. Our results would suggest that an 'Unhealthy' dietary pattern tends to persist from early through to late pregnancy. Identification of women with an 'Unhealthy' dietary pattern in early pregnancy therefore affords the opportunity for a dietary intervention which may positively impact both maternal and infant health. Following an 'Unhealthy' dietary pattern during pregnancy may have implications for these women. Results from our logistic regression analysis may suggest that women who engage in healthier behaviours before pregnancy (such as breast-feeding a previous child and taking supplements) maintain a healthy diet into early pregnancy and this lasts until the third trimester. On the other hand, in trimester 2 higher maternal education level was a more important predictor of whether a woman followed a healthy dietary pattern. This indicates that women with a higher level of education may make positive changes to their diets after early pregnancy; however, these changes may not last to the end of pregnancy. Future research is necessary to assess the reasons why women change their dietary behaviours during pregnancy. Women who are younger in age, with lower education level and higher BMI are a potential target group to advise regarding healthy diet during pregnancy.
